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Nonradioactive methods include the use of a range 50 of fluorochromes, which have been used for measur-51 ing the proliferation of lymphocytes as well as for 52 tracking migration and positioning in vivo (Parish, 53 1999) . Among them, 5,6-carboxyfluorescein diacetate 54 succinimidyl ester (CFSE) stands out as being the 55 most versatile in terms of long-term cell tracking and 56 quantifying proliferation either in vivo or in vitro 57 (Lyons, 1999; Parish, 1999) . CFSE can spontaneously 58 and irreversibly couple to intracellular proteins and is 59 equally distributed between two daughter cells when 60 cells divide. Thus, proliferating cells can be tracked 61 by flow cytometry based upon the sequential loss of 62 fluorescence intensity (Lyons, 2000; Lyons and Par-63 ish, 1994) . Furthermore, multiparameter flow cytom-64 etry allows for the examination of cell subsets within 65 the dividing cell population as well as monitoring 66 phenotypic changes associated with activation and 67 cell division.
68
CFSE staining has been used as a replacement for 69 3 H-TdR incorporation to measure the MLR of cells of 70 human and nonhuman-primate origins (Matthews et 71 al., 2000; Popma et al., 2000; Nitta et al., 2001) . In 72 most cases, the outcome of the MLR has been 73 determined based on the total numbers of daughter 74 T-cells generated. However, the ability of CFSE to 75 track cell division allows for other parameters of cell 76 proliferation to be measured. These include estimates 77 of the number and frequency of T-cell precursors that 78 have responded in the MLR as well as the number of 79 total mitotic events that have occurred. The utility of 80 measuring these parameters in analyzing murine MLR 81 has not been closely examined. Therefore, we studied 82 the kinetics of murine T-cell responses in allogeneic 83 MLR using CFSE labeling and multiparameter flow 84 cytometry. Data were analyzed using CellQuest acquisition 172 and analysis software (BD Biosciences). The total 173 numbers of events (cells) were determined by analyz-174 ing the data using dot plots and rectangular regions to 175 define the cell populations. Histograms were used to 
Daughter T-cells, derived from the responder spleno-222 cytes, could be differentiated from undivided T-cells 223 by the intensity of CFSE staining. The relative numb-224 ers of daughter T-cells could be easily determined by 225 electronic gating, as shown in Fig. 1 . In the case of 226 alloreactive MLR, the numbers of daughter T-cells 227 showed a slow increase until day 4 and then an expo-228 nential expansion after day 5 ( Fig. 2A) 
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The relative numbers of mitotic events that occurred 289 in the cultures could also be calculated (Table 1 ). The 290 B6D2F 1 and FVB/N groups exhibited higher division 291 of T-cells on days 2 -4 compared with the control 292 group. This pattern was consistent with the measures 293 of the relative number of daughter T-cells ( Fig. 2A) , 294 which measures the outcome of these early mitotic 295 events as a latter accumulation of daughter T-cells. By 296 the 5th day of culture, it was difficult to accurately 297 estimate the number and frequency of reactive T-cell (Fig. 3) 
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a T-cell precursor frequencies were calculated by two methods. The first number represents the frequency calculated using the sum of reactive T-cell precursors and non-responsive T-cells measured on the day when the culture was harvested as the denominator. The second value was calculated using the mean number of undivided T-cells on day 1, when responder T-cells had not yet divided, as the denominator.
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b P < 0.05 comparison between first and second numbers, paired-samples t-test.
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c P < 0.05 compared with the C57BL/6 control group, independent-samples t-test.
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316 day 4, slightly increased to the peak of 3 on day 6, and 317 then went down on day 7 (Fig. 4B) . Viable stimulator cells in the mixed cultures were 321 observed in the early days of culture and could be iden-322 tified by their lack of CFSE staining. They remained 323 after 1 day of culture, comprising both CD3 À cells and 324 CD3 + cells (Fig. 1) on days 3 -4 (Fig. 5B ). An MLR, in which the 331 responders were not stained with CFSE, was also 
